In intact (type A) chloroplasts isolated from mesophyll protoplasts of maize (Zen mays L. convar. KSC 360) the flash-induced 515 nanometer absorbance change was much higher than in conventionally prepared (types B and C) chloroplasts. The 515 nanometer signal of type A chloroplasts exhibited a biphasic rise: the initial very fast rise (rise time <<1 millisecond) was followed by a slow increase of absorbance (rise time 10 to 20 milliseconds). With decreasing degree of envelope retention the slow phase disappeared. Thus the biphasic rise of the flash-induced 515 nanometer absorbance change can be regarded as an attribute of intact chloroplasts.
flashes and at different temperatures. The absorbance change was probed with electron transport inhibitors and ionophores. The data show that the fast phase of the absorbance increase was similar in chloroplasts isolated from protoplasts and in conventional chloroplast preparations. The slow rise, which has not been hitherto recognized in isolated chloroplasts, can be due to a contribution of the proton pump to the electric field which is generated across the thylakoid membranes.
In isolated chloroplasts the flash-induced A at 515 nm has been shown to start with a very fast rise followed by two phases of decay (21) . A different kinetics of rise was found in algal cells (12, 22) , consisting of a fast phase (rise time -20 ns) and a slow phase (rise time 20-40 ms) . With isolated chloroplasts this type of biphasic rise has not been established.
With an improved technique of isolation (2, 1 1) yielding a very high percentage (295%) of type A chloroplasts (8) we found that the flash-induced 515 nm A change of isolated chloroplasts displayed a biphasic rise. Detailed investigation of this signal has shown that the biphasic rise is a genuine attribute of the 515 nm A change generated in thylakoids surrounded by their natural environment. The slow phase of the flash-induced A rise at 515 nm could be related to a translocation of protons increasing the inside positive polarity. MATERIALS 6.5 and pH 8.2, the fast phase of A increased; while at pH 7.5 the duration of the dark intervals between 0.3 and 10 s on the fast A rise had no effect (Fig. 3) . The slow phase of the rise was enhanced by extended dark periods and by raising the pH of the external medium.
By varying the temperature in range of 35 to 0 C, the fast rise of the 515 nm A was influenced slightly while the slow rise gradually decreased with the decrease of temperature. The suppression of the slow phase by low temperature was reversible but at high temperatures the slow phase was irreversibly abolished (Fig. 4 ). Figure 1 , intact chloroplasts.
Effect of Electron Transport Inhibitors and lonophores. Titration of the flash-induced 515 nm A change with DCMU revealed two types of inhibition (Fig. 5) . In type A DCMU inhibited only the fast phase of rise. This type of effect was brought about by very low concentrations of DCMU (Chl/DCMU > 300 mol/mol), and the suppression of the signal did not exceed 30%. With higher amounts of inhibitor, the slow phase of rise was preferentially affected (type B). Maximal inhibition of the signal was attained at 20 mol Chl/mol DCMU, where the fast phase of the signal decreased by 50%, and the slow phase was completely abolished (Fig. 5, A-D) . DCMU applied to whole protoplasts (ie. to chlo-0.3s Ij inhibition and (+) for enhancement roplasts in situ) exhibited only a type A effect, decreasing the fast phase without inhibiting the slow rise. Even very high amounts of DCMU (Chl/DCMU < 2 mol/mol) added to the medium were unable to induce type B inhibition (Fig. 5, E and F) . A similar result was obtained when the effect of DCMU was checked under our measuring conditions in Chlorella cells.
The addition of NH20H in low concentrations had no appreciable effect. In concentrations exceeding 0.3 mm NH20H induced a type B inhibition suppressingo the slow rise more than the fast one. With DBMIB2 as well as with HgCl2 the slow phase was abolished while the fast rise was practically not affected (Table   II) .
The inhibitor-solvents, added in appropriate amounts to the chloroplast suspension, had no appreciable effect. As checked under the electron microscope, the intactness of the chloroplasts was preserved under treatment with electron transport inhibitors even at the highest concentrations applied.
Nigericin, when added to the suspension, enhanced the slow rise. Usual amounts (0.3 jLM) of valinomycin had little effect on the 515 nm signal of intact chloroplasts but with higher concentrations (1.2 pM), the slow phase was almost completely abolished.
The low sensitivity of intact chloroplasts to valinomycin treatment was probably due to the chloroplast envelope which seems to act as a permeability barrier against the ionophore. This suggestion is based on experiments which revealed that in preparations of low envelope retention after osmotic shock (not shown) low concentrations of valinomycin were fairly effective. Gramicidin D had a similar effect to that of valinomycin.
DISCUSSION
With chloroplasts isolated by con'tentional methods a monophasic rise was established with a rise time shorter than 20 ns (21) . However in algae the fast phase was followed by a slow increase of A in the 1-to 50-s range (12, 22) , which has been correlated to a plastocyanin and Cyt-f-mediated generation of the electric field (3). An analogous signal in isolated chloroplasts had previously not been established (13) . In perfectly intact isolated chloroplasts we found that the flash-induced 515 nm A change of higher plant chloroplasts also exhibits a biphasic rise, a kinetic pattern which has been shown lately in greening chloroplasts as well (6) . Kinetics of the 515 nm signal of intact isolated chloroplasts was similar to that of the algae (12, 22 phase was shown related to the degree of envelope retention, involving the preservation of stroma the natural environment of thylakoids. In conventionally prepared chloroplasts few of which retain envelopes (17) , the slow phase is so small that for a number of decades it escaped detection. The pH of the external medium also had an appreciable effect. The slow phase of rise was faster and larger at high than at low pH of the medium. The external pH of intact chloroplasts has been shown to influence the stroma and the thylakoid space but had no effect on the light-induced ApH across the thylakoid membrane (10) . This suggests that the slow rise of the flashinduced 515 nm A does not depend on ApH. A possible mechanism of the, pH effect might be a change of the proton permeability acting on membrane potential (13) . The importance of proton permeability of the thylakoid membrane was corroborated by the effect of low temperature suppressing the slow rise when limiting proton uptake in the ms range (22, 23) .
Temperature and pH dependence of the slow phase suggests that flash-induced initial charge separation is followed by a slow translocation of protons increasing the electric field and the field sensing change of A. As expected, nigericin which facilitates proton translocation (14) increased the rate of the slow rise. Valinomycin treatment which results in the collapse of the electric field brings about the loss of the slow A change. A close parallelism between the kinetic pattern of the flash-induced A change and the electric potential change has also been supported by the observation of Bulychev and Vredenberg (4) who have reported a kinetic pattern for the flash-induced potential change which resembles the kinetics of the flash-induced 515 nm A change we found in intact chloroplasts. The participation of the individual photosystems in the generation of the flash-induced 515 nm A change of intact chloroplasts was tested by various electron transport inhibitors. Low concentrations of DCMU decreased only the fast rise (type A inhibition), an effect similar to that in algae (12 We conclude that the flash-induced primary charge separation is followed by the thermal activation of an electrogenic site contributing to the energization of the thylakoids in intact chloroplasts.
